Background: Little is known about health or service use outcomes for residents of Canadian assisted living facil ities. Our objectives were to estimate the incidence of admission to hospital over 1 year for residents of designated (i.e., publicly funded) assisted living (DAL) facilities in Alberta, to compare this rate with the rate among residents of longterm care facilities, and to identify individual and facility predictors of hospital admission for DAL residents.
below) in Alberta over the year after each person's base line assessment, to compare this rate with the rate ob served among longterm care residents from the same catchment areas and followup period, and to identify characteristics of DAL residents and facilities associat ed with an increased risk for admission to hospital.
Methods
Study design. Data were derived from the Alberta Con tinuing Care Epidemiological Studies (ACCES), a longi tudinal investigation of assisted living and longterm care residents in the province of Alberta, Canada. 15, 16 The assisted living cohort consisted of older residents of DAL facilities-i.e., publicly funded assisted living and supportive housing facilities-in 5 former health regions (2 major urban regions and 3 largely rural re gions). At the time of the study, these regions (which were abolished in May 2008 with the creation of Al berta Health Services) accounted for over 80% of prov incial continuing care beds. These facilities are now referred to as Supportive Living Level 3 or 4 facilities. 4 Eligible DAL facilities were those that had been in operation for at least 6 months, did not primarily serve residents with mental illness or developmental disabilities, and housed a minimum number of DAL residents at least 65 years of age (≥ 4 for small facilities, ≥ 10 for large facilities). Residents of participat ing DAL sites were excluded if they were less than 65 years of age, had been recently admitted (< 21 days), were receiving palliative care (expected survival < 6 months), and/or their participation was otherwise deemed inappropriate by staff or family. In addition, a random sample of 1000 longterm care residents from 54 facilities was assessed as part of ACCES. This longterm care cohort, described further in online Ap pendix A, was included in the current study for com parative purposes. Further details regarding ACCES are published elsewhere. [15] [16] [17] Ethics approval was obtained from the University of Calgary Conjoint Health Research Ethics Board, the University of Alberta Health Research Ethics Board, and the University of Lethbridge Human Subject Re search Committee.
➢ Assisted living is A residentiAl option increAsingly used by older adults requiring supportive care. 1, 2 Assisted living facilities aim to provide secure hous ing, personal support, and limited health care while promoting autonomy and privacy. 3 In response to the escalating costs of longterm care facilities (i.e., nurs ing homes) and older people's preferences for home like settings, several Canadian provinces have rapidly expanded publicly funded assisted living over recent years. 1, 4 In jurisdictions such as Alberta, assisted living is considered an alternative to longterm care for many older adults requiring supportive care. 4 However, as sisted living differs from traditional nursing homes in a number of important ways. Assisted living residents have a high prevalence of chronic illness, disability, and frailty. [5] [6] [7] Yet, relative to nursing homes, assist ed living facilities are characterized by lower levels of staffing and professional service, which raises ques tions about their ability to care for more vulnerable older people. [8] [9] [10] [11] Delayed detection of emerging health issues and diminished ability to provide augmented care could lead to poorer outcomes for assisted living residents and, ultimately, higher use of acute care. 12, 13 When asked to compare assisted living with longterm care, US physicians reported less confidence in the skills of assisted living staff, described fewer treatment options in this setting, and indicated that they were more likely to transfer an assisted living resident with a medical problem to an emergency department.
14 Current understanding of the place of assisted living in the continuum of supportive housing options for older Canadians is largely extrapolated from US studies. 2, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] However, the differing structure and function of the Canadian health care systems make this approach problematic. An important outcome for assisted living facilities is the proportion of residents requiring an overnight stay in an acute care setting. Although many of these admissions are necessary, some are potentially avoidable with appropriate and timely care and clinic al oversight. Our study objectives were to estimate the incidence of admission to hospital among residents of designated assisted living (DAL) facilities (as described size of facility (number of DAL spaces and total facility spaces); and staffing levels and oversight (availability of licensed practical nurses [LPNs] and/or registered nurses [RNs] on site 24 hours a day, 7 days a week; physician involvement or affiliation with site).
Outcomes. The primary outcome was time to first ad mission to an acute care hospital within a year of the baseline assessment. This outcome was determined via linkage with the Alberta Inpatient Discharge Ab stract Database. We examined the date of admission, the most responsible diagnosis (based on codes from the International Statistical Classification of Diseases and Related Health Problems, 10th revision, Canadian enhancement [ICD-10-CA] 26 ), the length of stay, and alternate level of care (ALC) beddays (i.e., when a per son was occupying a hospital bed but did not require the intensity of resources and services provided in this care setting). We assessed the first discharge event as sociated with an admission to acute care, rather than total hospital admissions, as the latter may include ad missions occurring after a move from the original set ting and may reflect characteristics of the new location. This approach captured nearly all residents admitted to acute care (413 [97.4%] of 424 DAL residents and 137 [98.6%] of 139 long-term care residents) during fol lowup. Detailed information on other transitions was obtained from facility discharge tracking forms (pro vided at the time of transfer or death), family caregiver discharge or decedent interviews (performed around the time of transfer or death), and family caregiver interviews at 1year followup (assessing all moves from baseline).
Analysis. We used descriptive analyses to examine the distribution of DAL resident and facility characteristics overall and by outcome status. We derived the inci dence of hospital admission for the DAL and longterm care cohorts, accounting for the occurrence of death as a competing risk using cumulative incidence compet ing risk (CICR) curves. 27 We used multivariable Cox proportional hazards models 28, 29 to examine the relative importance of resi dent and facility characteristics as predictors of the time to first acute care admission for the DAL cohort. We accounted for clustering of residents within facili ties by calculating robust sandwich standard errors. 30 Residents were classified into discrete outcome groups according to the date of their first event (i.e., inpatient Those who experienced none of these events and remained in a DAL facility throughout the year were censored on the date of their 1year followup assessment. Baseline resident and facility characteristics exam ined as potential predictors of hospital admission were selected on the basis of previous literature. 8, 12, 13, [31] [32] [33] [34] [35] [36] Resident-level variables that were significant (p < 0.05) in ageadjusted analyses were entered one at a time and were retained if they remained significant predict ors (p < 0.10) in the full model. We then incorporated health region (fixed effect) and tested the significance of each of the facilitylevel variables entered separately. Because of relatively high correlations among facility characteristics, we examined separate models testing the effect of each facility variable, adjusting for resident characteristics. 13 Analyses were conducted using SAS version 9.2 and R version 2.131.
Results
Fiftynine of the 60 DAL facilities meeting the inclu sion criteria agreed to participate. Of the 1510 eligible DAL residents in these facilities, 1089 (72.1%) were en rolled and assessed; of those not enrolled, 339 (22.5% of all eligible residents) refused to participate, and for the remaining 82 (5.4%), the legally designated surro gate could not be contacted. Age and sex were available for 364 (86.5%) of the 421 nonparticipants and showed a similar distribution (mean age 84.4 ± 7.1 years, 74% women) to the age and sex of participants. Of the 1089 participants, 3 had unknown outcomes, and 20 refused consent for administrative data linkage. Therefore, 1066 DAL residents were included in our analyses. Of the random sample of 1000 longterm care residents, 3 could not be linked with administrative data, and 21 did not consent to data linkage; therefore, 976 were in cluded in our analyses.
The DAL residents were typically older widowed women (mean age 84.9 ± 7.3 years, 71.4% widowed, and 76.7% women) ( Table 1 Table 2) . Additional base line information appears in Tables 1 and 2 .
Relative to longterm care residents (whose char acteristics are presented in online Appendix A), DAL residents had stronger social relationships, were more active, and had fewer health issues, cognitive and func tional impairments, mood and behavioural challenges, and comorbidities. DAL residents were significantly less likely than longterm care residents to have a re ported "do not hospitalize" advance directive (10.2% v. 29.7%) and were significantly more likely than long term care residents to have been admitted to hospital during the year before baseline (37.8% v. 24.5%).
During the 1year followup, 413 (38.7%) of the 1066 DAL residents experienced an acute care hospital ad mission as their first event. The rate was 55.6 per 100 personyears. The cumulative incidence of hospital admission was 25.2% (95% confidence interval [CI] 22.6%-27.8%) at 6 months and 38.9% (95% CI 35.9%-41.9%) at 12 months ( Figure 1A ). The median length of stay for these hospital admissions was 12 days (inter quartile range [IQR] 5-33 days), and the total number of bed-days was 10 388. Ninety-two (22.3%) of these 413 patients had one or more ALC beddays (total ALC beddays = 1907; median ALC length of stay 11.5 days [range 1-96 days]). The proportion admitted to hospi tal as their first event did not differ between those with and those without a "do not hospitalize" advance direc tive (42/ During the 1year followup, 137 (14.0%) of the 976 longterm care residents experienced an acute care hospital admission as their first event. The rate was 17.5 per 100 personyears. The cumulative incidence of hospital admission was 8.0% (95% CI 6.3%-9.7%) at 6 months and 13.7% (95% CI 11.5%-15.8%) at 12 months ( Figure 1B) , significantly lower than the corresponding values observed for DAL residents (p < 0.001 for both). The median length of stay for these admissions was 6 days (IQR 3-11 days), and the total number of bed-days was 1146. One admission (0.7%) had any ALC beddays (total ALC beddays = 16). The proportion admitted to hospital as their first event was significantly lower among those who had a "do not hospitalize" advance directive than among those without such an advance directive (26/290 [9.0%] v. 111/686 [16.2%]; p = 0.003). 23 LTC = long-term care, SD = standard deviation. * Sample excludes 3 residents with unknown outcome who discontinued the study and 20 who refused consent for linkage of administrative data. † Except where indicated otherwise. ‡ Four residents (0.4% of the cohort) had other outcomes (censored at date of fi rst discharge from DAL) and were omitted from the comparisons. § Social relationships were based on a summary score of items assessing whether the resident was close to someone in the facility, had a strong or supportive relationship with the family, participated in social activities of long-standing interest, and visited or had other interactions with at least one long-standing social relation or family member in the past week. || Activity involvement refl ected time when the person was awake and not receiving treatments or ADL care.
¶ Two items (insuffi cient fl uid, noticeable decline in food or fl uid) that are usually used to calculate CHESS were not included on the interRAI Assisted Living tool. ** Includes 1 resident who was bedbound. † † The ABS is a summary scale of 4 behaviours (verbal abuse, physical abuse, socially inappropriate or disruptive, resists care), with higher scores indicating a greater number and frequency of behavioural issues. Information on the common reasons for admission to hospital appears in online Appendix B. The corres ponding CICR curves stratified by number of previous admissions are presented in online Appendix C.
In adjusted analyses, a significantly greater risk for hospital admission was observed for DAL residents with health instability (as indicated by their CHESS scores), moderate to severe fatigue, hyperpolypharmacy (i.e., use of 11 or more medications), and at least 2 hospital ad missions during the preceding year (Table 3) . Residents aged 90 years or older and those with poor social ACCES = Alberta Continuing Care Epidemiological Studies; AL = assisted living; DAL = designated assisted living; GP = general practitioner; LPN = licensed practical nurse; LTC = long-term care; LTC-dem = long-term care, specialized dementia care bed; RHA = regional health authority; RN = registered nurse; SD = standard deviation; 24/7 = 24 hours a day, 7 days a week. * Sample excludes 3 residents with unknown outcome who discontinued the study and 20 who refused consent for linkage of administrative data. † Four residents (0.4% of the cohort) had other outcomes (censored at date of fi rst discharge from DAL) and were omitted from the comparisons. ‡ Equivalent level of care = private AL, residential, respite (not in LTC), community support and transition beds; lower level of care = independent living, lodge, condo; higher level of care = LTC (including respite), acute care.
relationships had a modestly greater risk. DAL residents from one health region showed a significantly higher risk of hospital admission. Community size was highly cor related with region and was not retained in the models. In models adjusted for resident characteristics and for health region, a significantly higher likelihood of hospital admission was observed for residents from DAL facilities that were smaller (< 30 DAL spaces or < 55 total spaces), that had no LPN and/or RN on site (or on site less than 24/7), and that were not affiliated with a chain (Table 4) . 
Strength of social relationships
Moderate to high (reference) 1.00 1.00
Low to none Part of AL/LTC chain (reference) 1.00 ACCES = Alberta Continuing Care Epidemiological Studies; AL = assisted living; CI = confi dence interval; DAL = designated assisted living; HR = hazard ratio; LPN = licensed practical nurse; LTC = long-term care; RHA = regional health authority; RN = registered nurse; 24/7 = 24 hours a day, 7 days a week. * Derived from Cox proportional hazards regression models (fi rst-event analysis), with adjustment for clustering by facility; the sample excludes 3 residents with unknown outcome who discontinued the study and 20 who refused consent for linkage of administrative data. † All models were adjusted for age, sex, strength of social relationships, health instability, fatigue, comorbidity, number of medications, previous hospital admissions, and region.
Interpretation
To our knowledge, this is the first Canadian study to examine the incidence of hospital admission for assist ed living residents relative to those in longterm care. The cumulative incidence of hospital admission over 1 year that we report here (38.9%) was similar to the in cidence reported in 2 US studies. Zimmerman et al. 13 reported a rate of 12.7% per 100-day quarter (46%-51% per year), whereas Hedrick et al. 37 found that 40.2% of assisted living residents in their study were admitted to hospital at least once over a year. Admission to a nursing home can lead to a reduction in hospital use. 38 Whether this is also true for assisted living represents a key policy question in assessing the potential impact on other components of the health care system if assisted living displaces longterm care as a housing option for vulnerable older people. A striking finding of the current study was the lower rate of hospi tal admission concurrently seen among longterm care residents, notwithstanding their generally worse base line health (online Appendix A). Relatively low rates of acute care utilization for longterm care residents in Alberta have been previously reported. 39 It is possible that long-term care residents, their families, and/or their care providers elect not to seek transfer to acute care for changes in health status because of the sever ity of preexisting health concerns. Advance planning may be discussed, implemented, and adhered to more systematically within longterm care facilities than in DAL settings. A "do not hospitalize" directive was more commonly found among longterm care residents; furthermore, even when such directives were present for DAL residents, they had no evident impact on the likelihood of hospital admission.
In fully adjusted models, residents with higher levels of health instability (as indicated by the CHESS score), fatigue, medication use, and previous hospital admis sions (i.e., at least 2 admissions in the past year) had a significantly higher risk for acute care admission over 1 year. A high CHESS score has previously been shown to be predictive of hospital admission, 40 where as continuing care clients who have been high users of hospital care have a higher likelihood of future ad mission. 41 Fatigue may be functioning as a marker of frailty. These 3 characteristics (CHESS score, prior hospital use, and fatigue) could be used to define a tar get group for interventions designed to prevent further admissions. Although the dosedependent relationship between medication use and risk of hospital admission may reflect the relevance of number of medications as a marker of multiple morbidity and/or severity of ill ness, many hospital admissions of older individuals are drugrelated. 42 Optimizing medication use in assisted living facilities, including prescribing, dispensing, and monitoring of beneficial and adverse effects, has been highlighted as an area requiring improvement. 7, [43] [44] [45] Of the facility-level factors, size of the facility, staffing hours, and staffing mix are also potentially modifiable. Other researchers have shown that a higher proportion of licensed nursing staff hours (whether LPN or RN) or more hours of RN staff time per resident might re duce the risk of hospital admission in residential care and assisted living. 9, 13 The staffing model used in as sisted living should be commensurate with residents' needs. As Table 1 indicates, the health concerns of these residents are substantial. Our results suggest that greater access to skilled nursing care and other health care professionals may be needed to both monitor for early manifestations of declining health and ensure the capacity to accommodate shortterm illnesses on site. Given the correlations among the facility variables examined here, it is difficult to tease out the relative importance or underlying mechanisms associated with these characteristics. Larger size, greater availability of on-site professional staffing, and chain affiliation may contribute to enhanced clinical oversight and services, leading to more timely and effective care. Strengths and limitations. The strengths of this study include the large sample, the diverse range of resident and facilitylevel characteristics examined, and com prehensive, prospective collection of data. However, some limitations warrant consideration. About 28% of eligible DAL residents were not enrolled. Although the demographic characteristics of these nonparticipants were similar to those of participants, nonparticipation by some residents may limit the generalizability of our findings. Our study was restricted to residents of public ly subsidized assisted living spaces in Alberta, as these settings are subject to provincial care standards and admission is through a single point of entry. Although some caution is warranted in generalizing our results to privatepay institutions or to assisted living facilities in other provinces, all assisted living settings share com mon elements that differentiate them from long-term care. Alberta has been a trendsetter in exploring the role of assisted living within Canada, and other prov inces currently considering an expansion of assisted living settings for the care of vulnerable older people can learn from its experiences. Finally, data collection took place between 2006 and 2009, and changes have taken place within the Alberta assisted living sector since then. The possible effect of these changes on rates of hospital admission is unknown.
Conclusion.
Nearly 40% of DAL residents in Alberta were admitted to hospital over 1 year, a rate substan tially higher than that for longterm care residents. The risk of hospital admission was associated with a number of characteristics that could be targeted for improvement (e.g., health instability, frequent prior admissions, fatigue) and/or used for developing inter ventions (e.g., optimizing medication use, staffing). A shift toward assisted living from longterm care for the supportive care of vulnerable older people, as proposed in both Alberta 46 and Ontario, 47 could lead to an in crease in the demand for hospital beds. Our study does not indicate the "correct" rate for hospital admissions in this vulnerable population, but we believe that a pro portion of the admissions for DAL residents were po tentially preventable. Avoiding such admissions would protect DAL residents from the negative consequences associated with a hospital stay and would mitigate the attendant costs and inefficiencies arising from inappro priate use of hospital beds.
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